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[Abstract] Objective: To explore the therapeutic mechanism of Buchong Tiaojing prescription for rats with diminished

ovarian reserve (DOR) from the perspectives of nucleotide-binding oligomerization domain (NOD) -like receptor protein 3
(NLRP3) inflammasome and ferroptosis. Methods: A total of 48 female SD rats were randomly divided into a normal group,
a model group, low, medium, and high dose groups of Buchong Tiaojing prescription, and an MCC950 group, with eight rats in
each group. Except the normal group, all the other groups were injected subcutaneously on the back of the neck with D-galactose to
prepare the DOR rat model. From the 15th day of modeling, the rats in the low, medium, and high dose groups of Buchong
Tiaojing prescription were subjected to gavage daily at doses of 14.4, 28.8, 57.6 g-kg", respectively. Rats in the MCC950 group
were injected intraperitoneally with MCC950 at a dose of 10 mg-kg"', once every other day. The interventions of all the groups
lasted for 4 weeks. The estrous cycle of the rats was observed with vaginal exfoliated cell smear. Hematoxylin-eosin (HE) staining
was performed to observe the development of follicles and corpus luteum in the ovary. Enzyme-linked immunosorbent assay
(ELISA) was performed to detect the levels of serum sex hormones and interleukin-13 (IL-18). Real-time fluorescence quantitative
polymerase chain reaction (Real-time PCR) and Western blot assay were performed to detect the mRNA and protein expression of
NLRP3 inflammasome, acyl-CoA synthetase long-chain family member 4 (ACSL4) , transferrin receptor 1 (TFR1) , and
glutathione peroxidase 4 (GPX4) , and oxidative stress kits were used to detect ovarian superoxide dismutase (SOD) and
malondialdehyde (MDA) levels. Results: During the experiment, one rat died in the high dose group of Buchong Tiaojing
prescription, and a total of 47 rats were finally included in the index tests and statistics. Compared with those in the normal group,
rats in the model group had significantly disturbed estrous cycles, increased number of atretic follicles, and significant disorder of
serum sex hormones. The mRNA and protein expression of NLRP3 inflammasome, ACSL4, and TFR1 in ovarian tissue was
up-regulated (P<0.01) , while that of GPX4 was significantly down-regulated (P<0.01). The SOD content in the ovary was
decreased significantly, while the MDA level was increased (P<0.01). After drug intervention, the estrous cycle of rats was
basically resumed, and the follicles at all levels were more structurally intact and significantly increased in number. Additionally,
the levels of serum sex hormones and IL-18 were significantly improved. The mRNA and protein expression of NLRP3
inflammasome, ACSL4, and TFR1 were down-regulated, while that of GPX4 was significantly up-regulated, and the ovarian
oxidative stress was alleviated (P<0.05, P<0.01) , especially in the high dose group of Buchong Tiaojing prescription and the
MCC950 group. Conclusion: Inflammatory injury and ferroptosis occur in the ovaries of DOR rats, and the Buchong Tiaojing
prescription is able to inhibit ovarian NLRP3 inflammasome, alleviate the degree of ovarian ferroptosis, and improve ovarian reserve.
[Keywords] diminished ovarian reserve; Buchong Tiaojing prescription; nucleotide-binding oligomerization domain

(NOD )-like receptor protein 3 (NLRP3) inflammasome; ferroptosis; oxidative stress
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Table 1 Primer sequences
519 JFAI(57-3") KB /bp
NLRP3 11 CCAGGAGTTCTTTGCGGCTA 145
Tif GCCTTTTTCGAACTTGCCGT
ASC 11 ACAGTACCAGGCAGTTCGTG 143
Tif GGTCTGTCACCAAGTAGGGC
Caspase-1 1% GACCGAGTGGTTCCCTCAAG 108
T iif GACGTGTACGAGTGGGTGTT
ACSL4 i AGAATCATGCGGTGCTGGAA 258
Tif TCACCAGTGCAAAACCACCT
TFR1 I if GTTTCTGCCAGCCCCCTATT 213
Fif CACCTCTGCTGCTGTACGAA
GPX4 i ACGCCAAAGTCCTAGGAAGC 157
T iif CTGCGAATTCGTGCATGGAG
GAPDH Fif TGTGAACGGATTTGGCCGTA 183

T ACCAGCTTCCCATTCTCAGC

2.7 2R S PE B3 v (Western blot) 6 i ok B B 52
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RIPA 2 $E IS A 1. BCA & & AWk, I
B SDSHEE B Uk B L B S FE 4 CCIREE T
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1:10 000) . W H PR CEE\EBEEF =450 (1:5000) )5
W5 i H Image J PR 4505 SE 47 I 45 A2 BT, BT
HAEF 9 L GAPDHE R N 2 %) 1],

2.8 AN SEONE SIS R
W ST-8 146 1 ) 65 20 21 SOD % 1k , F & 45 R L SOD
WAL (U-g" B H) 3Rom 5 ok AR 2 e Z R
(TBA) &k 5 i 07 6 I 2 21 MDA & &, e & 45 1 LU
pmol-g' & RN .
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K b e fB <S5, W 2R F Fisher i V) HE R 35 , P<0.05
FBREFAGIIFE L,
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T EWIE & 0L 4~5 d R 1A JE I, H 45 30 40 i e
BUEM . 5 IE R 4 R, SR 2 R B3l 1 5 101
ZEAL, 15 B s ] AE K A% 0 A0 i A SOR B B 4
RSB . S A R 2 7R rh R
1 H K MCC950 4 K B3l 17 Jal S B A Mk 2 LA, L
Ab iR 22 5 v R 4 K B Bl e & A Ak b
KA R R A, W1 R 2,

C D
TE: ALSIEATIY B3 5 C. 8 5 0 D. 3l fif 18] 39
1 KERBERZRBES
Fig. 1 Morphology of vaginal exfoliated cells in rats
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Table 2 Disorder rate of estrus cycle

21 51 no FRE/g-kg! BE AL R/ %
EW A 8 0.0
I 2 8 100.0*
BN U= (iR A 14.4 37.5%
ZNUI = L iTh = 28.8 25.0%
wuhE LT AR 7 57.6 0.0"
MCC950 41 8 0.01 12.5%

5 IEE 41 R Y P<0.05,2P<0.01; 588 41 11 &Y P<0.05,
YP<0.01(F3-£6[H)
. 43 .
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3.3 X DOR KON E A AL IEH 4R
EWE A I SN TR R Y 6 S S IR 3R U
FIIE Sl TR OR ST R ORT S SN P TR o LN S o LS
TR 21 R B B R A b A BB I R B 2, 45 B

V6L D, LA B L AN AT L, SRR A LY
B, A% 24 ) 2 B LA R TN B 05 A 9 O IR 4 T
568 HOBCE W R NG 22, 0 S (R T se W AR A .
LK 2.

T AIER A BRI C. b i 22 07 RS 4 2 s D Ab p i 2207 TR ek 1 S B #b i R 22 77 s R e 4, FMCCO50 4 (181 3 [|])
B2 #MiEZANZEXRIMEARLEREFZIE (HE,<100)
Fig.2 Effect of Buchong Tiaojing prescription on organizational structure of ovaries of rats in various groups (HE, x100)
3.4 X DOR K R 903 AR I T K B9 2 m A58 8 2 B, b o ] 22 75 g 51 2 26 A0 MCC950 4
5 IE W 40 Fe e AR 2 K RIS FSH AT IL-187K FSH ATIL-187KF- W & F % , 1 E, Al AMH 7K - BH &
5 TR, AMH FE, K 7 B F BT (P<0.01) ;5 P85 (P<0.05,P<0.01). W3#E3.

Fz3 WMNHIFAZAXDORKRMFHEZMKAERTFKEHNZM (x+s)

Table 3 Effect of Buchong Tiaojing prescription on serum hormone and inflammatory factor levels in DOR rats (x+s)

215 n Fl /g kg FSH/pg-L" E,/ng-L" AMH/mg-L" IL-1B8/ng-L"
1EH 4l 8 111.18+20.02 183.99+3.80 8.23+2.61 12.09+4.99
LR 4] 8 141.33+23.20” 167.15+10.00% 4.95+1.43Y 20.67+5.03%
Ly (151 B 8 14.4 139.03+13.71 172.95+9.39 6.98+0.72 17.74+4 31
B b s el B 8 28.8 137.74+16.82 177.60+5.86 7.30+0.92 14.66+2.47
Ah i 28 0w R R AL 7 57.6 114.28+19.15 179.51+6.27% 7.90+1.22% 12.16+4.75%
MCC950 21 8 0.01 110.94+25.35% 181.20+6.38" 7.58+1.98% 13.62+4.98"

3.5 X} DOR K FlBP 5 2] 41 NLRP3 ,ASC ., Caspase-1 .
ACSL4 . TFR1 Fl GPX4 mRNA £k m 5 iF
WA LA B ZH K B B B2 NLRP3 \ASC ., Caspase-1 .

oA, &b opE 2 Oy b L R 41 fT MCC950 41
NLRP3,ASC,Caspase-1 , ACSL4 1 TFR1 mRNA #H
X 338 5 A AN [F RE % IR (P<0.05, P<0.01) ,

GPX4 A mRNA F£ILB B, 2R BEH ST ¥% 5
X (P<0.05), WLF4,

ACSL4 Fil TFR1 mRNA 8 X} % ik & W % 5 ,
GPX4 mRNA F ik i B & N (P<0.01); SHIRI4
F£4 WMHIFAZFXIDOR KR IVE AL NLRP3.ASC, Caspase-1 . ACSL4. TFR1 #1 GPX4 mRNA FiEHI I (x+5,n=3)

Table 4 Effect of Buchong Tiaojing prescription on expression of NLRP3, ASC, Caspase-1, ACSL4, TFR1 and GPX4 mRNA in ovarian
tissues of DOR rats (x+s,n=3)

4 51 Fit/g-ke! NLRP3 ASC Caspase-1 ACSL4 TERI1 GPX4
E# 41 1.00+0.04 1.00+0.14 1.00£0.13 1.00+0.10 1.00+0.17 1.00+0.38
A5 70 24 1.84+0.30” 1.98+0.14% 2.30+0.16” 1.800.10” 1.95+0.24” 0.14+0.09”
A 28 7 AR R 14.4 1.60+0.29 1.76£0.15 2.02+0.19 1.62+0.22 1.83+0.17 0.57+0.22
A b 22y ep 4 28.8 1.14+0.22% 1.39+0.23% 1.64+0.23 1.41£0.24" 1.27+0.15 0.620.24”
R 22 T AR a4 57.6 0.98+0.17" 1.03£0.19 1.58+0.16" 1.11£0.10% 1.29+0.27% 0.75+0.32"
MCC950 41 0.01 1.15+0.33% 1.10£0.02* 1.55+0.15 0.97£0.11% 1.06£0.14% 0.70+0.13"

TFRIMEHRIE B EW M, GPX4EHRLRET
B (P<0.01) ; 5HAERIZ b, b wp i 4805 b L 7 i
ZH AT MCC950 2H K LY B 5 NLRP3 ,ASC . Caspase-1 .

3.6 %I DOR K Fll bl # 20 41 NLRP3 ,ASC , Caspase-1

ACSL4 . TFR1 fl GPX4 & (1 &AM m 5 iEH 4

b & , £ U 4] NLRP3, ASC. Caspase-1. ACSL4 FlI
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ACSL4 Fl TFR1 B 2 [ 215K F B 8 [ (P<0.05,
P<0.01), & 2540 GPX4 /& (1 £ 35 W W #2 /& (P<
0.05,P<0.01). WK3 .35,

NLRP3 “* St s s s« 118kDa

ASC "9 MmN B B W 24kDa

EES-E .-

ACSL4.----"'

Caspase-1 45 kDa

79 kDa

TFR1 84 kDa

——————
GPX4 ‘ — . ‘ ‘ “

GAPDH~——-—-

22 kDa

36 kDa

A B C D E F
3 DORXFRUIE AL NLRP3,ASC, Caspase-1,ACSL4,TFR1
M GPX4EHRILEK
Fig. 3  Electrophoresis of NLRP3, ASC, Caspase-1, ACSL4,
TFR1 and GPX4 protein expression of DOR rat ovary tissue
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Table 5 Effect of Buchong Tiaojing prescription on protein expression of NLRP3, ASC, Caspase-1, ACSL4, TFR1 and GPX4 in ovarian

tissues of DOR rats (x+s,1n=3)

4151 Fl4/g-kg' NLRP3/GAPDH ASC/GAPDH Caspase-1/GAPDH ACSL4/GAPDH TFRI1/GAPDH GPX4/GAPDH
EH A 1.00+0.19 1.00+0.17 1.00+0.06 1.000.10 1.00£0.09 1.00£0.09
R AR 4] 1.64+0.19” 1.67+0.18Y 1.42+0.02” 1.45+0.06” 1.22+0.04 0.71+0.03>
A 28 7 A1 ) 5 21 14.4 1.39+0.10 1.58+0.18 1.35+0.03 1.32+0.11 1.20+0.04 0.85+0.08
Al 28 77 b 2 28.8 1.12+0.20" 1.25+0.16" 1.20+0.05" 1.22+0.129 1.02+0.03% 0.86+0.07"
A 28 i ) A 57.6 1.08+0.08" 1.15+0.07" 1.19+0.07" 1.16+0.09" 0.96+0.02" 0.91+0.04"
MCC950 4 0.01 1.03+0.129 1.1120.09" 1.14+0.06" 1.10£0.08" 0.98+0.07" 0.93+0.03"
F6 M hiAZTTI DOR KR ODE AL F K FEHRI (¥+s)
Table 6 Effect of Buchong Tiaojing prescription on level of oxidative stress in ovarian tissues of DOR rats (x+s)
20 51 n Hl /g k! SOD/U- g MDA/umol- g’
I % 4 8 23.48+4.45 4.87+1.67
Hi 280 24 8 16.59+3.63% 7.94+1.58”
AR A (1 R 8 14.4 20.3142.33 7.86+1.46
b b 2807 o R 2 8 28.8 21.26+3.39 6.25+0.87
A 22 T e 2 7 57.6 21.71+4.11% 6.11+1.27%
MCC950 £ 8 0.01 21.30+4.18% 6.04+1.70>
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